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©  Centrifuge  for  separating  blood  material  into  components  thereof. 
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©  Disclosed  is  a  method  for  separating  a  blood 
material  into  blood  components  by  centrifugation, 
wherein  when  a  multiple  blood  bag  unit  including  a 
plurality  of  flexible  blood  bags  (a)  (at  least  one  of  the 
flexible  blood  bags  containing  a  blood  material)  liq- 
uid-tightly  connected  to  at  least  one  leukocyte-re- 
moving  filter  device  (b)  through  flexible  tubes  (c)  in  a 
predetermined  order  is  accommodated  in  a  cen- 
trifuge  bucket  (3),  at  least  the  blood  material  contain- 
ing  flexible  blood  bag  or  bags  are  inserted  in  the 
centrifuge  bucket  (3)  while  placing  at  least  the 
leukocyte-removing  filter  device  (b)  outside  of  the 
centrifuge  bucket  (3),  wherein  the  leukocyte-remov- 
ing  filter  device  (b)  is  directly  or  indirectly  secured 
relative  to  the  rotor  (2)  and  a  center  of  the  filter 
device  (b)  is  located  at  a  distance  from  an  axis  of 
the  rotation  shaft  (1)  which  is  smaller  than  a  distance 
between  a  pivotal  axis  of  the  turning  of  the  cen- 
trifuge  bucket  (3)  and  an  axis  of  the  rotation  shaft  (1  ) 
at  a  portion  thereof  which  has  the  rotor  connected 
thereto.  A  centrifugal  apparatus  for  practicing  the 
method  is  also  disclosed.  By  the  method  and  ap- 
paratus  of  the  present  invention,  the  centrifugal  force 
to  be  applied  to  the  filter  device  (b)  is  reduced  to  a 

minimum  due  to  the  location  of  the  filter  device  (b) 
at  a  reduced  distance  from  the  rotation  shaft  (1),  so 
that  the  danger  of  damaging  or  adversely  affecting 
the  filter  device  (b)  due  to  the  centrifugal  force  is 
extremely  reduced  or  eliminated. 
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BACKGROUND  OF  THE  INVENTION 

Field  Of  The  Invention 

The  present  invention  relates  to  a  method  for 
separating  a  blood  material  into  blood  components 
by  centrifugation.  More  particularly,  the  present  in- 
vention  is  concerned  with  a  method  for  separating 
a  blood  material  into  blood  components  by  cen- 
trifugation,  wherein  a  multiple  blood  bag  unit,  which 
includes  a  plurality  of  flexible  blood  bags  (at  least 
one  of  the  flexible  blood  bags  containing  a  blood 
material)  liquid-tightly  connected  to  at  least  one 
leukocyte-removing  filter  device  through  flexible 
tubes  in  a  predetermined  order,  is  accommodated 
in  a  centrifuge  bucket  of  a  centrifugal  apparatus  in 
which  the  centrifuge  bucket  is  swingably  attached 
to  a  rotor  fixedly  connected  to  a  rotation  shaft,  and 
the  rotation  shaft  is  rotated  to  rotate  the  rotor  and 
turn  and  orient  the  centrifuge  bucket  in  a  direction 
of  a  centrifugal  force  exerted,  thereby  performing 
separation  of  the  blood  material  into  blood  compo- 
nents  by  centrifugation,  and  wherein  when  the  mul- 
tiple  blood  bag  unit  is  accommodated  in  the  cen- 
trifuge  bucket,  at  least  the  blood  material-contain- 
ing  flexible  blood  bag  or  bags  are  inserted  in  the 
centrifuge  bucket  while  placing  at  least  the 
leukocyte-removing  filter  device  outside  of  the  cen- 
trifuge  bucket,  wherein  the  leukocyte-removing  fil- 
ter  device  is  directly  or  indirectly  secured  relative 
to  the  rotor  and  a  center  of  the  filter  device  is 
located  at  a  distance  from  an  axis  of  the  rotation 
shaft  which  is  smaller  than  a  distance  between  a 
pivotal  axis  of  the  turning  of  the  centrifuge  bucket 
and  an  axis  of  the  rotation  shaft  at  a  portion  thereof 
which  has  the  rotor  connected  thereto. 

The  present  invention  is  also  concerned  with  a 
centrifugal  apparatus  for  practicing  the  method  of 
the  present  invention. 

By  the  method  and  apparatus  of  the  present 
invention,  the  centrifugal  force  to  be  applied  to  the 
filter  device  is  reduced  to  a  minimum  due  to  the 
location  of  the  filter  device  at  a  reduced  distance 
from  the  rotation  shaft,  so  that  the  danger  of  dam- 
aging  or  adversely  affecting  the  filter  device  due  to 
the  centrifugal  force  is  extremely  reduced  or  elimi- 
nated.  Further,  since  the  filter  device  is  placed 
outside  of  the  centrifuge  bucket,  the  centrifuge 
bucket  can  have  an  enough  room  for  accommodat- 
ing  the  blood  bags.  Therefore,  not  only  can  inser- 
tion  of  the  blood  bags  into  and  taking-out  thereof 
from  the  centrifuge  bucket  be  readily  performed 
with  no  difficulty,  but  also,  even  when  the  filter 
device  has  an  angular  portion  or  a  projection,  there 
is  no  danger  of  damaging  the  filter  device  and  the 
blood  bags  due  to  a  pressure-contact  of  the  an- 
gular  portion  or  projection  of  the  filter  device  with 
the  blood  bags. 

DISCUSSION  OF  RELATED  ART 

In  recent  years,  in  accordance  with  the 
progress  of  immunology  and  study  of  transfusion,  it 

5  has  become  clear  that  side  effects  of  transfusion 
are  caused  by  the  leukocytes  contained  in  a  blood 
material  used  for  transfusion.  Side  effects  of  trans- 
fusion  include  not  only  relatively  mild  side  effects, 
such  as  headache,  nausea,  chilliness  and  non- 

70  hemolytic  febrile  transfusion  reactions,  but  also  se- 
rious  side  effects.  With  respect  to  the  latter,  par- 
ticularly  when  a  transfusion  recipient  has  an  im- 
munopathy,  transfusion  is  likely  to  cause  serious 
side  effects,  such  as  graft  versus  host  (GVH)  reac- 

15  tion,  in  which  transfused  leukocytes  attack  the  skin 
and  internal  organs  of  the  recipient,  infections  by 
viruses  present  in  the  leukocytes,  e.g., 
cytomegalovirus  infection,  and  allosensitization.  For 
effective  prevention  of  such  side  effects  of  transfu- 

20  sion,  it  is  now  widely  practiced  to  remove  leu- 
kocytes  from  a  blood  material  by  means  of  a 
leukocyte-removing  filter  device  having  a  non-wov- 
en  fabric,  a  porous  element  and/or  the  like  packed 
therein. 

25  On  the  other  hand,  recently,  a  blood  material  to 
be  used  for  transfusion  is  not  limited  to  whole 
blood,  and  there  is  a  strong  demand  for  blood 
components,  such  as  a  red  cell  concentrate,  plas- 
ma  and  a  platelet  concentrate. 

30  Therefore,  it  is  usually  required  that  a  blood 
material  to  be  used  for  transfusion  be  a  blood 
component  from  which  leukocytes  have  been  re- 
moved.  Such  a  leukocyte-removed  blood  compo- 
nent  can  be  obtained  by,  for  example,  collecting  a 

35  blood  material,  such  as  whole  blood,  from  a  donor, 
removing  leukocytes  from  the  blood  material,  and 
centrifuging  the  resultant  leukocyte-removed  blood 
product  to  thereby  separate  it  into  blood  compo- 
nents.  (The  removal  of  leukocytes  may  be  con- 

40  ducted  after  the  centrifugation.)  It  is  required  that 
these  operations  be  conducted  readily  under  asep- 
tic  conditions. 

For  use  in  conducting  these  operations  effec- 
tively  and  efficiently  under  aseptic  conditions,  var- 

45  ious  types  of  multiple  blood  bag  units  containing  a 
leukocyte-removing  filter  have  been  proposed 
which  can  be  used  for  aseptically  removing  leu- 
kocytes  from  a  blood  material  immediately  after  the 
collection  of  the  blood  material  (see,  for  example, 

50  U.S.  Patent  Nos.  4,596,657  and  4,985,153). 
Each  of  these  multiple  blood  bag  units  gen- 

erally  comprises  a  primary  bag  (blood  collection 
bag);  a  leukocyte-removing  filter  device  liquid-tight- 
ly  connected  to  an  outlet  of  the  primary  bag 

55  through  a  flexible  tube;  and  at  least  one  satellite 
bag  liquid-tightly  connected  to  an  outlet  of  the  filter 
device  through  a  flexible  tube.  Each  of  the  primary 
bag  and  the  satellite  bag  is  made  of  a  flexible 
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material,  such  as  polyvinyl  chloride.  The  leukocyte- 
removing  filter  device  comprises  a  casing  having 
an  inlet  and  an  outlet  and  a  filter  material  disposed 
in  the  casing.  The  casing  is  made  of  a  relatively 
rigid  material,  such  as  a  polycarbonate,  and  the 
filter  material  is  comprised  of,  for  example,  a  non- 
woven  fabric  or  a  porous  element.  Such  a  multiple 
blood  bag  unit  is  generally  called  a  unit  of  a 
"closed  system". 

A  blood  material  collected  in  a  multiple  blood 
bag  unit  is  subjected  to  centrifugation,  using  a 
centrifugal  apparatus,  so  that  the  blood  material  is 
separated  into  a  plasma  layer  (containing  or  not 
containing  platelets  depending  on  the  centrifugation 
conditions)  and  a  red  cell  concentrate  layer.  In  this 
case,  when  a  centrifugation  of  the  blood  material  is 
to  be  performed  for  separating  the  blood  material 
into  blood  components  while  keeping  asepsis,  it  is 
necessary  that  the  entire  multiple  blood  bag  unit  be 
subjected  to  centrifugation. 

Fig.  1  is  a  partly  cut-away  diagrammatic  per- 
spective  view  of  a  conventional  centrifugal  appara- 
tus,  showing  main  portions  of  the  apparatus.  As 
shown  in  Fig.  1,  the  conventional  centrifugal  ap- 
paratus  for  use  in  separating  a  blood  material  into 
blood  components  has  rotation  shaft  1  (having  cy- 
lindrical  reinforcing  member  1'  provided 
therearound  and  secured  thereto  by  means  of,  for 
example,  an  adhesive)  to  be  connected  to  a  drive 
motor  (not  shown),  and  a  rotor  fixedly  connected  at 
a  central  portion  thereof  to  rotation  shaft  1  through 
engagement  between  a  threaded  periphery  of  rota- 
tion  shaft  1  and  a  threaded  inner  wall  of  the  central 
bore  of  the  rotor  in  a  manner  such  that  the  connec- 
tion  therebetween  is  not  loosened  during  centrifu- 
gation.  The  rotor  comprises  central  body  portion  2 
and  a  plurality  of  arms  2'  which  are  substantially 
equal  in  length  and  radially  extend  from  central 
body  portion  2  at  appropriate  intervals  allowing  the 
center  of  gravity  of  the  rotor  to  be  positioned  at  a 
geometrical  center  (rotation  center)  of  the  rotor 
during  rotation  of  the  rotor  including  the  arms.  The 
centrifugal  apparatus  also  has  centrifuge  buckets  3 
each  for  accommodating  therein  a  multiple  blood 
bag  unit  (not  shown),  and  each  bucket  3  is  swing- 
ably  attached  to  the  rotor  by  means  of  a  pair  of 
pivot  pins  4,  4  extending  laterally  of  the  arms  and 
pivot  pin-receiving  recesses  6,  6  formed  in  op- 
posite  sides  of  bucket  3,  so  that  bucket  3  is  individ- 
ually,  pivotally  held  between  neighboring  arms  2', 
2'.  Bucket  3  is  adapted  to  be  turned  and  oriented 
in  a  direction  of  the  centrifugal  force  exerted  when 
the  rotor  is  rotated. 

A  leukocyte-removing  filter  device  having  a  fil- 
ter  material  (such  as  a  non-woven  fabric  and  a 
porous  element)  disposed  therein  has  a  very  deli- 
cate  structure.  When  a  multiple  blood  bag  unit 
including  such  a  filter  device  is  accommodated  in  a 

centrifuge  bucket  and  subjected  to  centrifugation, 
the  bulk  density  of  a  non-woven  fabric  as  a  filter 
material  or  the  pore  diameter  of  a  porous  element 
as  a  filter  material  is  likely  to  undesirably  change 

5  due  to  the  centrifugal  force.  Further,  there  is  a 
danger  that  the  filter  device  is  pushed  against  a 
bottom  floor  of  the  centrifuge  bucket  due  to  the 
centrifugal  force,  thereby  leading  to  a  damage  to 
the  filter  device  and/or  a  breakage  of  flexible  con- 

io  necting  tubes. 
Generally,  commercially  available  centrifuge 

buckets,  such  as  one  used  in  the  conventional 
centrifugal  apparatus  as  shown  in  Fig.  1,  have 
originally  been  designed  for  use  along  with  a  mul- 

15  tiple  blood  bag  unit  of  a  non-closed  system,  which 
includes  only  flexible  components,  such  as  blood 
bags  and  flexible  tubes  connecting  the  blood  bags, 
and  does  not  include  a  filter  device.  In  such  a  non- 
closed  system,  removal  of  leukocytes  from  a  blood 

20  material  is  conducted  using  a  filter  device  provided 
separately  from  the  multiple  blood  bag  unit.  There- 
fore,  the  commercially  available  centrifuge  buckets 
do  not  have  satisfactorily  enough  rooms  for  accom- 
modating  therein  a  multiple  blood  bag  unit  of  a 

25  closed  system  which  contains  a  leukocyte-remov- 
ing  filter  device  (having  a  relatively  rigid  casing)  in 
addition  to  flexible  components  (such  as  flexible 
blood  bags  and  flexible  connecting  tubes),  so  that 
it  is  difficult  and  time-consuming  to  accommodate 

30  the  entire  closed  system  into  the  centrifuge  bucket. 
Further,  due  to  the  stress  applied  to  the  closed 
system  when  squeezing  it  into  the  bucket,  there  is 
a  danger  that  the  closed  system  suffers  a  damage 
during  the  accommodation  thereof  into  the  bucket. 

35  In  order  to  solve  the  above  problems,  U.S. 
Patent  No.  5,100,564  discloses  the  use  of  a  sup- 
port  means  (referred  to  as  "bracket"  in  the  above 
mentioned  U.S.  Patent)  which  is  provided  so  as  to 
engage  the  upper  circumference  of  a  centrifuge 

40  bucket  and  which  supports  a  flat,  disk-like  filter 
thereon  under  the  centrifugal  force.  In  U.S.  Patent 
No.  5,100,564,  when  a  multiple  blood  bag  unit  is  to 
be  placed  in  the  centrifuge  bucket,  the  blood  bags 
are  first  placed  in  the  centrifuge  cup  and  then  the 

45  support  means  is  placed  so  as  to  engage  the 
upper  circumference  of  the  centrifuge  cup,  and 
subsequently  the  filter  is  set  on  the  support  means 
so  that  both  sides  of  the  disk-like  filter  are  at  right 
angles  relative  to  a  depthwise  direction  of  the  cen- 

50  trifuge  bucket.  The  disk-like  filter  has  a  blood  inlet 
nozzle  and  a  blood  outlet  nozzle  which  protrude 
outwardly  of  both  sides  of  the  filter,  and  the  sup- 
port  means  has  slots  for  fittedly  receiving  the  inlet 
and  outlet  nozzles  of  the  filter.  If  the  technique  of 

55  the  above  U.S.  Patent  can  be  practically  employed, 
since  the  filter  is  placed  at  the  top  of  the  centrifuge 
bucket,  i.e.,  near  a  rotation  shaft  of  a  centrifugal 
apparatus,  a  centrifugal  force  to  be  applied  to  the 

3 
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filter  can  be  decreased,  as  compared  to  that  to  be 
applied  to  a  filter  placed  inside  of  the  bucket. 

However,  the  above-mentioned  support  means 
(bracket)  disclosed  in  U.S.  Patent  No.  5,100,564 
needs  to  be  designed  to  engage  the  upper  circum- 
ference  of  the  centrifuge  bucket.  The  support 
means  also  has  to  have  a  configuration  which  can 
fittedly  receive  the  inlet  and  outlet  nozzles  of  the 
filter.  That  is,  the  use  of  the  support  means  is 
extremely  limited  in  that  the  support  means  has  to 
be  specially  designed  in  accordance  with  the  struc- 
tures  of  the  centrifuge  bucket  and  the  filter.  Com- 
mercially  available  centrifuge  buckets  vary  in  size 
and  shape,  and  examples  of  shapes  thereof  include 
a  cylinder,  a  hollow  structure  having  an  elliptic 
cross-section  and  a  hollow  structure  having  an  el- 
liptic  cross-section  and  containing  an  internal  space 
partitioned  into  a  plurality  of  cylindrical  chambers. 
Furthermore,  there  are  various  commercially  avail- 
able  leukocyte-removing  filters  varying  in  shape, 
such  as  a  disk-like  filter  having  inlet  and  outlet 
nozzles  in  both  sides  of  a  disk-like  casing,  and  a 
flat  square  filter  having  inlet  and  outlet  nozzles 
located  at  opposite  ends  of  the  casing,  and  a  flat 
elliptic  filter  having  inlet  and  outlet  nozzles  located 
at  opposite  ends  of  the  casing. 

Further,  as  shown  in  Figs.  2(a)  to  6  illustrating 
various  forms  of  the  centrifugal  apparatus  which 
can  be  used  in  the  method  of  the  present  inven- 
tion,  a  blood  bag  to  be  accommodated  in  a  cen- 
trifuge  bucket  has  flexible  tubes  connected  to  an 
upper  end  thereof.  The  height  of  a  blood  bag  with 
flexible  tubes  connected  to  an  upper  end  portion  of 
the  blood  bag  is  usually  larger  than  the  depth  of 
the  centrifuge  bucket,  so  that  when  a  blood  bag 
having  flexible  tubes  connected  thereto  is  accom- 
modated  in  a  centrifuge  bucket,  the  upper  end 
portion  of  the  blood  bag  protrudes  outside  of  the 
opening  of  the  centrifuge  bucket.  Therefore,  when 
the  support  means  disclosed  in  U.S.  Patent  No. 
5,100,564  is  placed  so  as  to  engage  the  upper 
circumference  of  the  centrifuge  bucket,  the  support 
means  is  pushed  upwards  by  the  upper  end  por- 
tions  of  the  blood  bags  protruding  outside  of  the 
opening  of  the  centrifuge  bucket,  so  that  it  is  fre- 
quently  impossible  to  ensure  that  the  support 
means  fittedly  and  stably  engages  the  upper  cir- 
cumference  of  the  centrifuge  bucket.  When  the 
support  means  does  not  fittedly  and  stably  engage 
the  upper  circumference  of  the  centrifuge  bucket, 
there  is  a  danger  that  the  support  means  is  re- 
leased  from  the  centrifuge  bucket  and  is  out  of  the 
centrifuge  bucket  together  with  the  filter  device 
during  centrifugation,  or  the  support  means  falls 
into  the  centrifuge  bucket  together  with  the  filter 
device  during  centrifugation.  It  is  possible  to  for- 
cibly  engage  the  support  means  to  the  upper  cir- 
cumference  of  the  centrifuge  bucket  by  means  of 

an  adhesive  tape  or  the  like.  However,  not  only  is 
this  operation  itself  cumbersome,  but  also  there  is 
a  danger  that  the  connecting  portions  of  the  blood 
bag  with  the  flexible  tubes  at  the  upper  end  of  the 

5  blood  bag  are  damaged  by  the  support  means 
which  is  pushed  against  the  upper  end  of  the  blood 
bag. 

SUMMARY  OF  THE  INVENTION 
10 

The  present  inventors  have  made  extensive 
and  intensive  studies  with  a  view  toward  develop- 
ing  a  novel  method  for  separating  a  blood  material 
into  blood  components  by  centrifugation,  which  is 

is  free  from  the  above-mentioned  problems  inevitably 
accompanying  the  conventional  methods.  As  a  re- 
sult,  it  has  unexpectedly  been  found  that  the 
above-mentioned  problems  can  be  solved  by  a 
novel  method  for  separating  a  blood  material  into 

20  blood  components  by  centrifugation,  wherein  a 
multiple  blood  bag  unit,  which  includes  a  plurality 
of  flexible  blood  bags  (at  least  one  of  the  flexible 
blood  bags  containing  a  blood  material)  liquid-tight- 
ly  connected  to  at  least  one  leukocyte-removing 

25  filter  device  through  flexible  tubes  in  a  predeter- 
mined  order,  is  accommodated  in  a  centrifuge 
bucket  of  a  centrifugal  apparatus  in  which  the  cen- 
trifuge  bucket  is  swingably  attached  to  a  rotor 
fixedly  connected  to  a  rotation  shaft,  and  the  rota- 

30  tion  shaft  is  rotated  to  rotate  the  rotor  and  turn  and 
orient  the  centrifuge  bucket  in  a  direction  of  a 
centrifugal  force  exerted,  thereby  performing  sepa- 
ration  of  the  blood  material  into  blood  components 
by  centrifugation,  and  wherein  when  the  multiple 

35  blood  bag  unit  is  accommodated  in  the  centrifuge 
bucket,  at  least  the  blood  material-containing  flexi- 
ble  blood  bag  or  bags  are  inserted  in  the  centrifuge 
bucket  while  placing  at  least  the  leukocyte-remov- 
ing  filter  device  outside  of  the  centrifuge  bucket, 

40  wherein  the  leukocyte-removing  filter  device  is  di- 
rectly  or  indirectly  secured  relative  to  the  rotor  and 
a  center  of  the  filter  device  is  located  at  a  distance 
from  an  axis  of  the  rotation  shaft  which  is  smaller 
than  a  distance  between  a  pivotal  axis  of  the  turn- 

45  ing  of  the  centrifuge  bucket  and  an  axis  of  the 
rotation  shaft  at  a  portion  thereof  which  has  the 
rotor  connected  thereto.  The  present  inventors 
have  also  developed  a  novel  centrifugal  apparatus 
which  can  advantageously  be  used  for  practicing 

50  the  above  method. 
By  the  method  and  apparatus  of  the  present 

invention,  the  centrifugal  force  to  be  applied  to  the 
filter  device  is  reduced  to  a  minimum  due  to  the 
location  of  the  filter  device  at  a  reduced  distance 

55  from  the  rotation  shaft,  so  that  the  danger  of  dam- 
aging  or  adversely  affecting  the  filter  device  due  to 
the  centrifugal  force  is  extremely  reduced  or  elimi- 
nated.  Further,  since  the  filter  device  is  placed 
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outside  of  the  centrifuge  bucket,  the  centrifuge 
bucket  can  have  an  enough  room  for  accommodat- 
ing  the  blood  bags.  Therefore,  not  only  can  inser- 
tion  of  the  blood  bags  into  and  taking-out  thereof 
from  the  centrifuge  bucket  be  readily  performed  5 
with  no  difficulty,  but  also,  even  when  the  filter 
device  has  an  angular  portion  or  a  projection,  there 
is  no  danger  of  damaging  the  filter  device  and  the 
blood  bags  due  to  a  pressure-contact  of  the  an- 
gular  portion  or  projection  of  the  filter  device  with  10 
the  blood  bags.  Moreover,  since  the  blood  bags 
can  be  readily  taken  out  from  the  centrifuge  bucket 
after  the  centrifugation  operation  with  no  difficulty, 
it  is  unlikely  that  the  blood  components  of  the 
blood  material,  which  have  been  once  separated  by  is 
the  centrifugation,  are  mixed. 

Based  on  the  above  novel  findings,  the  present 
invention  has  been  completed. 

Accordingly,  it  is  an  object  of  the  present  in- 
vention  to  provide  a  novel  method  for  separating  a  20 
blood  material  into  blood  components  by  centrifu- 
gation,  in  which  not  only  can  the  danger  of  damag- 
ing  or  adversely  affecting  the  filter  device  of  a 
multiple  blood  bag  unit  during  centrifugation  be 
eliminated  by  effectively  reducing  to  a  minimum  25 
the  centrifugal  force  to  be  applied  to  the  filter 
device,  but  also  insertion  of  the  blood  bags  into 
and  taking-out  thereof  from  the  centrifuge  bucket 
can  be  readily  performed  and,  even  when  the  filter 
device  has  an  angular  portion  or  a  projection,  there  30 
is  no  danger  of  damaging  the  filter  device  and  the 
blood  bags  due  to  a  pressure-contact  of  the  an- 
gular  portion  or  projection  of  the  filter  device  with 
the  blood  bags. 

It  is  another  object  of  the  present  invention  to  35 
provide  a  novel  centrifugal  apparatus  for  centrifug- 
ing  a  blood  material  collected  in  a  multiple  blood 
bag  unit  to  thereby  separate  the  blood  material  into 
blood  components,  which  can  be  advantageously 
employed  for  practicing  the  method  of  the  present  40 
invention. 

The  foregoing  and  other  objects,  features  and 
advantages  of  the  present  invention  will  be  appar- 
ent  to  those  skilled  in  the  art  from  the  following 
detailed  description  and  appended  claims  taken  in  45 
connection  with  the  accompanying  drawings. 

Further  scope  of  applicability  of  the  present 
invention  will  become  apparent  from  the  detailed 
description  given  hereinafter.  However,  it  should  be 
understood  that  the  detailed  description  and  spe-  so 
cific  examples,  while  indicating  preferred  embodi- 
ments  of  the  invention,  are  given  by  way  of  illustra- 
tion  only,  since  various  changes  and  modifications 
within  the  spirit  and  scope  of  the  invention  will 
become  apparent  to  those  skilled  in  the  art  from  55 
this  detailed  description. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  the  accompanying  drawings: 
Fig.  1  is  a  partly  cut-away  diagrammatic  per- 
spective  view  of  a  conventional  centrifugal  ap- 
paratus  for  separating  a  blood  material  into 
blood  components,  showing  main  portions  there- 
of; 
Fig.  2(a)  is  a  partly  cut-away  diagrammatic  plan 
view  of  one  form  of  the  centrifugal  apparatus  of 
the  present  invention,  showing  main  portions 
thereof,  which  can  be  used  in  the  method  of  the 
present  invention,  shown  with  a  multiple  blood 
bag  unit  inserted  in  a  centrifuge  bucket  swing- 
ably  held  between  neighboring  arms  of  the  rotor, 
and  shown  with  a  leukocyte-removing  filter  de- 
vice  placed  outside  of  the  centrifuge  bucket  and 
secured  to  the  rotor  by  means  of  a  filter  device- 
securing  means; 
Fig.  2(b)  is  a  partly  cut-away  diagrammatic  side 
view  of  the  apparatus  shown  in  Fig.  2(a),  which 
illustrates  the  state  in  which  the  filter  device- 
securing  means  is  indirectly  attached  to  the 
rotor  through  a  support  leg; 
Fig.  3(a)  is  a  partly  cut-away  diagrammatic  plan 
view  of  another  form  of  the  centrifugal  apparatus 
of  the  present  invention,  showing  main  portions 
thereof,  which  can  be  used  in  the  method  of  the 
present  invention,  shown  with  two  multiple  blood 
bag  units  inserted  in  a  centrifuge  bucket  swing- 
ably  held  between  neighboring  arms  of  the  rotor, 
and  shown  with  two  leukocyte-removing  filter 
devices  placed  outside  of  the  centrifuge  bucket 
and  secured  to  the  rotor  by  means  of  double 
filter  device-securing  means; 
Fig.  3(b)  is  a  partly  cut-away  diagrammatic  side 
view  of  the  apparatus  shown  in  Fig.  3(a),  which 
illustrates  the  state  in  which  the  double  filter 
device-securing  means  is  indirectly  attached  to 
the  rotor  through  a  pair  of  support  legs; 
Fig.  4  is  a  partly  cut-away  diagrammatic  per- 
spective  view  of  still  another  form  of  the  centri- 
fugal  apparatus,  showing  main  portions  thereof, 
which  can  be  used  in  the  method  of  the  present 
invention,  shown  with  a  multiple  blood  bag  unit 
inserted  in  a  centrifuge  bucket  swingably  held 
between  neighboring  arms  of  the  rotor,  and 
shown  with  a  leukocyte-removing  filter  device 
placed  outside  of  the  centrifuge  bucket  and  di- 
rectly  secured  to  the  rotor  by  means  of  an 
adhesive  tape; 
Fig.  5(a)  is  a  partly  cut-away  diagrammatic  plan 
view  of  still  another  form  of  the  centrifugal  ap- 
paratus  of  the  present  invention,  showing  main 
portions  thereof,  which  can  be  used  in  the  meth- 
od  of  the  present  invention,  shown  with  a  mul- 
tiple  blood  bag  unit  inserted  in  a  centrifuge 
bucket  swingably  held  between  neighboring 
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arms  of  the  rotor,  and  shown  with  a  leukocyte- 
removing  filter  device  placed  outside  of  the  cen- 
trifuge  bucket  and  indirectly  secured  relative  to 
the  rotor  by  means  of  a  filter  device-securing 
means  provided  on  a  peripheral  portion  of  a 
rotating  member  (circular  plate)  fixedly  attached 
to  the  rotation  shaft; 
Fig.  5(b)  is  a  partly  cut-away  diagrammatic  side 
view  of  the  apparatus  shown  in  Fig.  5(a),  which 
shows  the  state  in  which  the  filter  device  is 
secured  to  the  circular  plate  fixedly  attached  to 
the  rotation  shaft  substantially  in  parallel  with  the 
rotor  on  a  side  of  an  opening  of  the  centrifuge 
bucket;  and 
Fig.  6  is  a  partly  cut-away  diagrammatic  per- 
spective  view  of  a  further  form  of  the  centrifugal 
apparatus  of  the  present  invention,  showing 
main  portions  thereof,  which  can  be  used  in  the 
method  of  the  present  invention,  shown  with  a 
multiple  blood  bag  unit  inserted  in  a  centrifuge 
bucket  swingably  held  between  neighboring 
arms  of  the  rotor,  and  shown  with  a  leukocyte- 
removing  filter  device  placed  outside  of  the  cen- 
trifuge  bucket  and  indirectly  secured  relative  to 
the  rotor  by  means  of  a  filter  device-securing 
means  provided  on  a  plurality  of  segments  radi- 
ally  extending  from  a  rotating  member  fixedly 
attached  to  the  rotation  shaft. 

In  Fig.  1  through  Fig.  6,  like  parts  or  portions 
are  designated  by  like  numerals  and  characters. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

According  to  the  present  invention,  there  is 
provided  a  method  for  separating  a  blood  material 
into  blood  components  by  centrifugation,  compris- 
ing  the  steps  of: 

(1)  providing  at  least  two  multiple  blood  bag 
units  each  including  a  plurality  of  flexible  blood 
bags  liquid-tightly  connected  to  at  least  one 
leukocyte-removing  filter  device  through  flexible 
tubes  in  a  predetermined  order,  at  least  one  of 
the  flexible  blood  bags  containing  a  blood  ma- 
terial,  and 

providing  a  centrifugal  apparatus  including  a 
rotation  shaft  connected  to  a  drive  motor,  a  rotor 
fixedly  connected  at  a  central  portion  thereof  to 
the  rotation  shaft  and  rotatable  in  accordance 
with  rotation  of  the  rotation  shaft,  the  rotor  in- 
cluding  a  central  body  portion  and  at  least  two 
centrifuge  bucket-holding  extensions  radially  ex- 
tending  from  the  central  body  portion,  and  at 
least  two  centrifuge  buckets  each  swingably  at- 
tached  to  the  centrifuge  bucket-holding  exten- 
sions  of  the  rotor,  wherein  the  centrifuge  bucket 
is  adapted  to  be  turned  and  oriented  substan- 
tially  in  a  direction  of  a  centrifugal  force  exerted 
when  the  rotor  is  rotated; 

(2)  inserting  at  least  the  blood  material-contain- 
ing  flexible  blood  bag  of  the  plurality  of  flexible 
blood  bags  of  each  multiple  blood  bag  unit  in 
each  centrifuge  bucket  while  placing  at  least  the 

5  leukocyte-removing  filter  device  outside  of  the 
centrifuge  bucket,  wherein  the  filter  device  is 
directly  or  indirectly  secured  relative  to  the  rotor, 
and  wherein  a  center  of  each  filter  device  is 
located  at  a  distance  from  an  axis  of  the  rotation 

io  shaft  which  is  smaller  than  a  distance  between  a 
pivotal  axis  of  the  turning  of  the  centrifuge  buck- 
et  and  an  axis  of  the  rotation  shaft  at  a  portion 
thereof  which  has  the  rotor  connected  thereto; 
and 

is  (3)  actuating  the  drive  motor  to  rotate  the  rota- 
tion  shaft  and  the  rotor  and  perform  separation 
of  the  blood  material  in  the  blood  bag  into  blood 
components  by  centrifugation. 

Hereafter,  the  method  of  the  present  invention 
20  and  the  apparatus  of  the  present  invention  will  be 

described  in  detail. 
In  step  (1)  of  the  method  of  the  present  inven- 

tion,  at  least  two  multiple  blood  bag  units  are 
provided.  As  shown  in  Fig.  2(a)  through  Fig.  6, 

25  each  multiple  blood  bag  unit  to  be  used  in  the 
method  of  the  present  invention  includes  a  plurality 
of  flexible  blood  bags  (a)  liquid-tightly  connected  to 
at  least  one  leukocyte-removing  filter  device  (b) 
through  flexible  tubes  (c)  in  a  predetermined  order, 

30  at  least  one  of  the  flexible  blood  bags  containing  a 
blood  material  (not  shown),  such  as  whole  blood. 
The  blood  material  generally  contains  leukocytes. 
The  blood  bag  containing  the  blood  material  may 
also  contain  an  anticoagulant  mixed  with  the  blood 

35  material.  The  leukocyte-removing  filter  device  (b)  of 
the  multiple  blood  bag  unit  generally  comprises  a 
casing  having  a  blood  inlet  and  a  blood  outlet,  and 
a  filter  material  disposed  in  the  casing  and  commu- 
nicated  on  one  side  thereof  to  the  blood  inlet  and 

40  on  the  other  side  thereof  to  the  blood  outlet.  With 
respect  to  the  configuration  and  structure  of  the 
filter  device  of  the  multiple  blood  bag  unit  to  be 
used  in  the  present  invention,  there  is  no  particular 
limitation. 

45  In  the  present  invention,  various  customary 
multiple  blood  bag  units  can  be  employed.  Exam- 
ples  of  customary  multiple  blood  bag  units  employ- 
able  in  the  present  invention  include  those  dis- 
closed  in  U.S.  Patent  Nos.  4,596,657,  4,767,541, 

50  4,919,823,  4,810,378,  4,915,848,  5,092,996, 
5,100,564,  5,089,146,  4,985,153,  and  4,997,577, 
WO  92/20427,  WO  92/20428,  WO  91/04088,  and 
German  Patent  Application  Publication  4022700  A1  . 
With  respect  to  the  manner  of  connection  among 

55  the  filter  device  and  the  blood  bags  through  flexible 
tubes,  reference  can  be  made  to  these  patent 
documents. 
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In  the  present  invention,  it  is  preferred  to  use  a 
filter  device  comprising  a  casing  having  a  blood 
inlet  and  a  blood  outlet  which  are  both  located  in  a 
top  portion  of  the  casing,  as  shown  in  Figs.  2(a) 
through  6.  With  respect  to  a  filter  device  in  which 
both  the  inlet  and  outlet  are  located  on  the  top 
portion  of  the  filter  device,  reference  can  be  made 
to  copending  U.S.  Patent  Application  No. 
08/132,894  and  European  Patent  Application  Pub- 
lication  No.  0  591  980  A2. 

In  step  (1)  of  the  method  of  the  present  inven- 
tion,  also  a  centrifugal  apparatus  is  provided.  The 
centrifugal  apparatus  to  be  used  in  the  method  of 
the  present  invention  includes  a  rotation  shaft  (1) 
connected  to  a  drive  motor  (not  shown),  and  a  rotor 
fixedly  connected  at  a  central  portion  thereof  to  the 
rotation  shaft  (1)  and  rotatable  in  accordance  with 
rotation  of  the  rotation  shaft  (1).  The  fixed  connec- 
tion  between  the  rotor  and  the  rotation  shaft  (1)  is 
made  through  thread-engagement  techniques  or- 
dinarily  used  in  the  art,  e.g.,  through  engagement 
between  a  threaded  periphery  of  the  rotation  shaft 
(1)  and  a  threaded  inner  wall  of  the  central  bore  of 
the  rotor  in  a  manner  such  that  the  connection 
therebetween  is  not  loosened  during  centrifugation. 
The  rotor  includes  a  central  body  portion  (2)  and  at 
least  two  centrifuge  bucket-holding  extensions  (2') 
radially  extending  from  the  central  body  portion  (2), 
and  at  least  two  centrifuge  buckets  (3)  each  swing- 
ably  attached  to  the  centrifuge  bucket-holding  ex- 
tensions  (2')  of  the  rotor.  The  centrifuge  bucket  (3) 
is  adapted  to  be  turned  and  oriented  substantially 
in  a  direction  of  a  centrifugal  force  exerted  when 
the  rotor  is  rotated. 

In  step  (2)  of  the  method  of  the  present  inven- 
tion,  at  least  the  blood  material-containing  flexible 
blood  bag  or  bags  of  the  plurality  of  flexible  blood 
bags  (a)  of  each  multiple  blood  bag  unit  are  in- 
serted  in  each  centrifuge  bucket  (3)  while  placing 
at  least  the  leukocyte-removing  filter  device  (b) 
outside  of  the  centrifuge  bucket  (3).  The  leukocyte- 
removing  filter  device  (b)  is  directly  or  indirectly 
secured  relative  to  the  rotor.  A  center  of  each  filter 
device  (b)  is  located  at  a  distance  from  an  axis  of 
the  rotation  shaft  (1)  which  is  smaller  than  a  dis- 
tance  between  a  pivotal  axis  (7)  of  the  turning  of 
the  centrifuge  bucket  (3)  and  an  axis  of  the  rotation 
shaft  (1)  at  a  portion  thereof  which  has  the  rotor 
connected  thereto. 

In  the  present  invention,  the  term  a  "center  of 
each  filter  device"  means  a  center  of  symmetry  of 
the  casing  of  the  filter  device  excluding  the  blood 
inlet  and  outlet  nozzles.  In  Figs.  2(a),  3(a)  and  5(a), 
the  center  of  the  filter  device  (b)  is  indicated  by  an 
X-like  marking  made  on  the  filter  device  (b). 

In  the  present  invention,  a  distance  of  a  center 
of  the  filter  device  from  an  axis  of  the  rotation  shaft 
is  defined  as  a  distance  therebetween  on  a  straight 

line  drawn  from  the  center  of  the  filter  device  so  as 
to  intersect  with  the  axis  of  the  rotation  shaft  at 
right  angles. 

In  step  (3)  of  the  method  of  the  present  inven- 
5  tion,  the  drive  motor  is  actuated  to  rotate  the  rota- 

tion  shaft  (1)  and  the  rotor  and  perform  separation 
of  the  blood  material  in  the  blood  bag  into  blood 
components  by  centrifugation. 

In  one  preferred  embodiment  of  the  method  of 
io  the  present  invention,  the  at  least  two  centrifuge 

bucket-holding  extensions  (2')  include  arms  (2') 
which  are  substantially  equal  in  length  and  radially 
extend  from  the  central  body  portion  (2)  of  the 
rotor,  and  each  centrifuge  bucket  (3)  is  swingably 

is  attached  to  arms  (2').  Further,  in  this  case,  each  of 
arms  (2')  may  have  a  forked  free  end  portion 
including  a  couple  of  fingers,  and  the  centrifuge 
buckets  (3)  may  be  pivotally  held  between  the 
fingers  (this  embodiment  is  not  shown  in  the  ac- 

20  companying  drawings). 
In  another  preferred  embodiment  of  the  meth- 

od  of  the  present  invention,  as  shown  in  Figs.  2(a), 
3(a),  5(a)  and  6,  the  at  least  two  centrifuge  bucket- 
holding  extensions  (2')  include  at  least  three  arms 

25  (2'),  and  each  centrifuge  bucket  (3)  is  individually, 
pivotally  held  between  neighboring  arms  (2'). 

In  still  another  preferred  embodiment  of  the 
method  of  the  present  invention,  the  at  least  two 
bucket-holding  extensions  (2')  include  an  annular 

30  extension  extending  from  an  entire  periphery  of  the 
central  body  portion  (2),  and  the  annular  extension 
has  at  least  two  holes  for  individually  receiving  and 
swingably  securing  each  centrifuge  bucket  (3)  at  an 
inner  circumference  of  each  hole,  the  at  least  two 

35  holes  being  arranged  substantially  along  the  pe- 
riphery  of  the  annular  extension  (this  embodiment 
is  not  shown  in  the  accompanying  drawings). 

In  the  present  invention,  when  the  centrifuge 
bucket-holding  extensions  (2')  include  arms  (2'), 

40  the  number  of  arms  (2')  is  not  particularly  limited. 
However,  the  number  of  arms  (2')  is  generally  in 
the  range  from  6  to  8. 

In  the  present  invention,  when  the  centrifuge 
bucket-holding  extensions  (2')  include  arms  (2'),  it 

45  is  preferred  that  arms  (2')  extend  from  the  central 
body  portion  (2)  at  appropriate  intervals  allowing 
the  center  of  gravity  of  the  rotor  to  be  positioned  at 
a  geometrical  center  (rotation  center)  of  the  rotor 
during  rotation  of  the  rotor  including  arms  (2'),  so 

50  that  a  weight  balance  of  the  rotor  can  be  main- 
tained  during  rotation  of  the  rotor. 

In  a  further  preferred  embodiment  of  the  meth- 
od  of  the  present  invention,  each  filter  device  (b)  is 
directly  secured  to  the  rotor,  and  a  center  of  each 

55  filter  device  (b)  is  located  substantially  in  a  plane 
containing  a  central  axis  passing  through  a  bottom 
of  the  centrifuge  bucket  (3)  and  an  axis  of  the 
rotation  shaft  (1). 
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In  the  method  of  the  present  invention,  each 
filter  device  (b)  may  be  directly  secured  to  the 
rotor  by  means  of,  for  example,  an  adhesive  tape 
as  shown  in  Fig.  4. 

In  the  method  of  the  present  invention,  as 
shown  in  Figs.  2(b)  and  3(b),  each  filter  device  (b) 
may  be  indirectly  secured  to  the  rotor  through  a 
support  (8)  provided  on  the  rotor,  and  a  center  of 
each  filter  device  (b)  may  be  located  substantially 
in  a  plane  containing  a  central  axis  passing  through 
a  bottom  of  the  centrifuge  bucket  (3)  and  an  axis  of 
the  rotation  shaft  (1). 

In  still  a  further  preferred  embodiment  of  the 
method  of  the  present  invention,  each  filter  device 
(b)  is  indirectly  secured  relative  to  the  rotor,  and 
the  filter  device  (b)  is  secured  to  a  rotating  member 
(9  and  10,  5E)  fixedly  attached  to  the  rotation  shaft 
(1)  substantially  in  parallel  with  the  rotor  on  a  side 
of  an  opening  of  each  centrifuge  bucket  (3)  in  a 
stationary  state  of  the  rotation  shaft  (1)  and  rotat- 
able  along  with  the  rotor,  and  a  center  of  each  filter 
device  (b)  is  located  substantially  in  a  plane  con- 
taining  a  central  axis  passing  through  a  bottom  of 
the  centrifuge  bucket  (3)  and  an  axis  of  the  rotation 
shaft  (1). 

As  shown  in  Figs.  5(a)  and  5(b),  the  above- 
mentioned  rotating  member  may  include  a  plate 
(9)  having  at  least  two  filter  device-securing  means 
[5(5A  and  5B,  5B)],  and  the  at  least  two  filter 
device-securing  means  [5(5A  and  5B,  5B)]  may  be 
arranged  substantially  along  a  peripheral  portion 
thereof.  Alternatively,  as  shown  in  Fig.  6,  the 
above-mentioned  rotating  member  (10)  may  have 
at  least  two  segments  (5E)  radially  extending  there- 
from  and  each  having  filter  device-securing  means 
(5C,  5D). 

In  step  (2)  of  the  method  of  the  present  inven- 
tion,  in  addition  to  the  filter  device,  a  blood  bag  or 
blood  bags  other  than  the  blood  bag  containing  the 
blood  material  may  also  be  placed  outside  of  the 
centrifuge  bucket  (3)  and  be  directly  or  indirectly 
secured  relative  to  the  rotor.  In  this  case,  if  desired, 
a  center  of  the  blood  bag  or  bags  not  containing  a 
blood  material  and  placed  outside  of  the  centrifuge 
bucket  (3)  can  be  located  at  a  distance  from  an 
axis  of  the  rotation  shaft  (1)  which  is  smaller  than  a 
distance  between  a  pivotal  axis  (7)  of  the  turning  of 
the  centrifuge  bucket  (3)  and  an  axis  of  the  rotation 
shaft  (1)  at  a  portion  thereof  which  has  the  rotor 
connected  thereto. 

By  the  centrifugation  effected  in  step  (3)  of  the 
method  of  the  present  invention,  the  blood  material, 
(for  example,  whole  blood)  is  separated  into  an 
upper  layer  composed  of  plasma  component  and  a 
lower  layer  composed  of  a  red  cell  concentrate 
(which  contains  leukocytes  when  the  original  blood 
material  contains  leukocytes).  (When  the  centrifugal 
force  is  relatively  large,  the  plasma  obtained  is 

platelet-poor  plasma,  whereas  when  the  centrifugal 
force  is  relatively  small,  the  plasma  obtained  is 
platelet-rich  plasma.) 

After  completion  of  step  (3)  of  the  method  of 
5  the  present  invention,  leukocytes  are  filtered  from 

the  blood  component  (red  cell  concentrate)  sepa- 
rated  in  step  (3)  from  the  blood  material,  using  the 
filter  device  of  the  multiple  blood  bag  unit,  to  obtain 
a  leukocyte-removed  blood  product  (red  cell  con- 

io  centrate). 
In  the  method  of  the  present  invention,  it  is 

preferred  that  the  location  at  which  the  filter  device 
is  directly  or  indirectly  secured  relative  to  the  rotor, 
be  selected  so  as  to  ensure  that  the  filter  device 

is  does  not  contact  the  centrifuge  bucket  and  the 
blood  bags  inserted  therein  both  when  the  rotor  is 
in  a  stationary  state  and  when  the  centrifuge  buck- 
et  is  turned  and  oriented  substantially  in  a  direction 
of  a  centrifugal  force  exerted  when  the  rotor  is 

20  rotated. 
In  the  present  invention,  from  the  viewpoint  of 

reducing  a  centrifugal  force  to  be  applied  to  the 
filter  device,  it  is  preferred  that  the  distance  be- 
tween  an  axis  of  the  rotation  shaft  and  a  center  of 

25  the  filter  device  secured  relatively  to  the  rotor  be 
as  small  as  possible. 

In  another  aspect  of  the  present  invention, 
there  is  provided  a  centrifugal  apparatus  for  cen- 
trifuging  a  blood  material  collected  in  a  multiple 

30  blood  bag  unit  to  thereby  separate  the  blood  ma- 
terial  into  blood  components,  comprising: 

a  rotation  shaft  to  be  connected  to  a  drive 
motor; 

a  rotor  fixedly  connected  at  a  central  portion 
35  thereof  to  the  rotation  shaft  and  rotatable  in  accor- 

dance  with  rotation  of  the  rotation  shaft,  the  rotor 
comprising  a  central  body  portion  and  at  least  two 
centrifuge  bucket-holding  extensions  radially  ex- 
tending  from  the  central  body  portion; 

40  at  least  two  centrifuge  buckets  each  for  accom- 
modating  therein  at  least  one  blood  bag  of  a  mul- 
tiple  blood  bag  unit  including  a  plurality  of  flexible 
blood  bags  liquid-tightly  connected  to  at  least  one 
leukocyte-removing  filter  device  through  flexible 

45  tubes  in  a  predetermined  order,  at  least  the  filter 
device  being  adapted  to  be  placed  outside  of  the 
centrifuge  bucket,  each  centrifuge  bucket  being 
swingably  attached  to  the  centrifuge  bucket-holding 
extensions  of  the  rotor,  wherein  the  centrifuge 

50  bucket  is  adapted  to  be  turned  and  oriented  sub- 
stantially  in  a  direction  of  a  centrifugal  force  ex- 
erted  when  the  rotor  is  rotated;  and 

at  least  two  filter  device-securing  means  each 
for  individually  securing  the  filter  device  of  each 

55  multiple  blood  bag  unit  directly  or  indirectly  to  the 
rotor, 

a  center  of  each  filter  device-securing  means 
being  located  at  a  distance  from  an  axis  of  the 
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rotation  shaft  which  is  smaller  than  a  distance  be- 
tween  a  pivotal  axis  of  the  turning  of  the  centrifuge 
bucket  and  an  axis  of  the  rotation  shaft  at  a  portion 
thereof  which  has  the  rotor  connected  thereto. 

The  centrifugal  apparatus  of  the  present  inven- 
tion  can  be  advantageously  used  in  the  method  of 
the  present  invention. 

In  the  apparatus  of  the  present  invention,  a 
center  of  the  filter  device-securing  means  generally 
corresponds  to  a  center  of  the  filter  device  secured 
by  the  filter  device-securing  means. 

There  is  no  particular  limitation  with  respect  to 
the  materials  for  various  components  of  the  centri- 
fugal  apparatus  of  the  present  invention,  such  as  a 
rotation  shaft  (1),  a  cylindrical  reinforcing  member 
(1')  provided  around  and  secured  to  the  rotation 
shaft  (1),  a  rotor,  arms  (2'),  pivot  pins  (4)  and 
centrifuge  buckets  (3).  For  producing  these  compo- 
nents,  customary  materials  for  such  components 
used  in  a  conventional  centrifugal  apparatus  can  be 
used.  That  is,  the  above-mentioned  components 
can  be  made  of,  for  example,  metals  having  a 
satisfactory  strength,  such  as  iron  (e.g.  a  stainless 
steel  and  a  soft  iron)  and  aluminum. 

When  the  filter  device-securing  means  (5A,  5B 
and  5C,  5D)  is  to  be  provided  on  a  rotating  mem- 
ber  (9,  and  10,  5E)  fixedly  attached  to  the  rotation 
shaft  (1)  substantially  in  parallel  with  the  rotor,  the 
above-mentioned  customary  materials  can  also  be 
used  for  producing  the  rotating  member. 

With  respect  to  the  material  for  the  filter  de- 
vice-securing  means,  there  is  no  particular  limita- 
tion.  Examples  of  materials  for  the  filter  device- 
securing  means  include  metals  (e.g.,  iron  and  alu- 
minum)  and  resins.  From  the  viewpoint  of  improved 
protection  of  the  filter  device,  it  is  preferred  that  the 
filter  device-securing  means  be  made  of  a  resilient 
material  (having  cushioning  properties)  at  least  at  a 
portion  of  the  filter  device-securing  means  which 
contacts  the  filter  device.  Examples  of  resilient 
materials  include  a  polyurethane,  a  rubber,  a  resin 
and  the  like.  Other  examples  include  a  foamed 
material  and  a  mass  of  a  fibrous  material  each 
produced  from  various  customary  materials. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVEN- 
TION 

The  present  invention  will  be  described  in 
greater  detail  with  reference  to  the  following  em- 
bodiments,  which  should  not  be  construed  as  limit- 
ing  the  scope  of  the  present  invention. 

Figs.  2(a)  and  2(b)  illustrate  a  first  embodiment 
of  the  present  invention.  That  is,  Fig.  2  (a)  is  a 
partly  cut-away  diagrammatic  plan  view  of  one 
form  of  the  centrifugal  apparatus  of  the  present 
invention,  showing  main  portions  thereof,  which  can 
be  used  in  the  method  of  the  present  invention.  A 

plurality  of  blood  bags  a  of  a  multiple  blood  bag 
unit  are  inserted  in  centrifuge  bucket  3  pivotally 
held  between  neighboring  arms  2',  2'  of  the  rotor, 
while  leukocyte-removing  filter  device  b  is  placed 

5  outside  of  centrifuge  bucket  3  and  secured  to  cen- 
tral  body  portion  2  of  the  rotor  by  means  of  filter 
device-securing  means  5  (5A  and  5B,  5B).  Fig.  2 
(b)  is  a  partly  cut-away  diagrammatic  side  view  of 
the  apparatus  shown  in  Fig.  2(a),  which  illustrates 

io  the  state  in  which  filter  device-securing  means  5 
(5A  and  5B,  5B)  is  indirectly  attached  to  central 
body  portion  2  of  the  rotor  through  support  leg  8. 

In  the  first  embodiment  of  the  present  inven- 
tion,  with  respect  to  the  multiple  blood  bag  unit 

is  including  blood  bags  a  liquid-tightly  connected  to 
filter  device  b  through  flexible  tubes  c,  only  flexible 
blood  bags  a  and  flexible  tubes  c  are  accom- 
modated  in  centrifuge  bucket  3,  the  blood  bags 
being  disposed  vertically  to  a  bottom  of  centrifuge 

20  bucket  3,  as  in  the  case  of  using  a  conventional 
multiple  blood  bag  unit  consisting  of  only  flexible 
blood  bags  liquid-tightly  connected  through  flexible 
tubes.  Filter  device  b  is  placed  outside  of  cen- 
trifuge  bucket  3  along  with  portions  of  a  couple  of 

25  tubes  attached  thereto. 
When  tubes  c  has  a  chamber  and/or  a  clip 

attached  thereto  in  intermediate  portions  thereof, 
they  are  also  accommodated  in  centrifuge  bucket  3 
along  with  flexible  tubes  c.  (the  chambers  are  for 

30  facilitating  escape  of  air  from  the  tubes  and  for 
measuring  a  blood  flow  rate,  and  the  clip  is  for 
control  of  a  blood  flow  rate.)  It  is  preferred  that  a 
bag  containing  a  blood  material  and  a  bag  contain- 
ing  a  reagent,  such  as  an  anticoagulant,  be  accom- 

35  modated  in  centrifuge  bucket  3  so  as  to  be  cov- 
ered  by  empty  bags  to  protect  the  bags  containing 
a  blood  material  and  a  reagent.  The  tubes  are 
made  up  into  a  bundle  without  causing  any  signifi- 
cant  tension,  wound  and  appropriately  inserted  be- 

40  tween  the  blood  bags.  The  blood  bags  have  junc- 
tions  at  which  the  blood  bags  are  connected  to  the 
tubes.  Such  junctions  are  most  likely  to  be  damag- 
ed  and,  therefore,  it  is  preferred  that  the  blood 
bags  be  accommodated  in  the  centrifuge  buckets 

45  so  that  the  junctions  are  located  near  an  opening  of 
the  centrifuge  bucket,  thereby  preventing  the  junc- 
tion  from  a  danger  of  contacting  with  the  inner  wall 
of  the  centrifuge  bucket. 

The  filter  device-securing  means  comprises  a 
50  quadrilateral  plate  (made  of,  for  example,  stainless 

steel  or  the  like),  and  wherein  the  plate  is  attached 
to  central  body  portion  2  of  the  rotor  through  sup- 
port  leg  8  (which  is  mentioned  below). 

In  the  quadrilateral  plate,  one  side  (remote 
55  from  the  rotation  shaft)  of  a  pair  of  opposite  sides, 

which  are  in  parallel  with  the  pivotal  axis  of  cen- 
trifuge  bucket  3,  has  at  its  central  portion  a  protru- 
sion  which  protrudes  upwardly  of  the  side.  The 
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protrusion  has  a  top  end  portion  thereof  bent  per- 
pendicularly  thereto  and  inwardly  of  the  side,  so 
that  U-shaped  recess  5A  sufficient  to  fittedly  re- 
ceive  one  end  of  a  flat  casing  of  filter  device  b  is 
formed.  The  other  side  opposite  to  the  side  having 
U-shaped  recess  5A  has  support  leg  8  extending 
downwardly  of  the  opposite  side  edge,  wherein 
support  leg  8  has  a  foot  used  for  securely  attaching 
support  leg  8  to  central  body  portion  2  of  the  rotor 
by  means  of  a  screw  or  the  like. 

Respective  sides  of  another  pair  of  opposite 
sides  have,  at  central  portions  thereof,  protrusions 
5B,  5B  protruding  upwardly  of  both  sides. 

In  securing  the  filter  device,  flat  filter  device  b 
is  inserted  between  opposite  protrusions  5B,  5B  of 
the  rectangular  plate,  and  the  forward  end  of  filter 
device  b  is  fittedly  received  by  U-shaped  recess 
5A.  U-shaped  recess  5A  serves  to  securely  hold 
filter  device  b  against  a  centrifugal  force  to  be 
exerted  when  the  rotor  is  rotated,  and  opposite 
protrusions  5B,  5B  serve  to  prevent  filter  device  b 
from  lateral  displacement.  Thus,  secure  engage- 
ment  of  filter  device  b  with  filter  device-securing 
means  5  (5A  and  5B,  5B)  is  established. 

Alternatively,  filter  device-securing  means  5 
(5A  and  5B,  5B)  can  be  provided  directly  on  the 
upper  surface  of  the  rotor.  However,  it  is  preferred 
that,  as  in  this  embodiment,  filter  device-securing 
means  be  provided  indirectly  on  central  body  por- 
tion  2  of  the  rotor  through  support  leg  8  at  the 
same  level  as  the  level  of  the  top  of  blood  bags  a. 
As  shown  in  Figs.  2(a)  and  2(b),  it  is  preferred  that 
filter  device-securing  means  is  provided  at  a  loca- 
tion  such  that  a  center  of  each  filter  device-secur- 
ing  means  be  located  substantially  in  a  plane  con- 
taining  a  central  axis  passing  through  a  bottom  of 
centrifuge  bucket  3  and  an  axis  of  rotation  shaft  1  . 
Due  to  the  location  of  filter  device-securing  means 
5  (5A  and  5B,  5B)  as  described  above,  it  becomes 
possible  to  avoid  the  danger  of  causing  flexible 
tubes  c  (connecting  filter  device  b  placed  outside 
of  centrifuge  bucket  3  with  blood  bags  a  of  the 
multiple  blood  bag  unit  in  centrifuge  bucket  3)  to 
be  bent  at  an  acute  angle  under  a  centrifugal  force 
during  the  operation  of  centrifugation  and  damag- 
ed. 

Figs.  3(a)  and  3(b)  illustrate  a  second  embodi- 
ment  of  the  present  invention.  That  is,  Fig.  3(a)  is  a 
partly  cut-away  diagrammatic  plan  view  of  another 
form  of  the  centrifugal  apparatus  of  the  present 
invention,  showing  main  portions  thereof,  which  can 
be  used  in  the  method  of  the  present  invention.  A 
plurality  of  blood  bags  a  of  each  of  two  multiple 
blood  bag  units  are  inserted  in  centrifuge  bucket  3 
pivotally  held  between  neighboring  arms  2',  2'  of 
the  rotor,  while  two  leukocyte-removing  filter  de- 
vices  b,  b  are  placed  outside  of  centrifuge  bucket  3 
and  secured  to  the  rotor  by  means  of  double  filter 

device-securing  means  5  (5A  and  5B,  5B).  Fig.  3(b) 
is  a  partly  cut-away  diagrammatic  side  view  of  the 
apparatus  shown  in  Fig.  3(a),  which  illustrates  the 
state  in  which  the  double  filter  device-securing 

5  means  5  (5A  and  5B,  5B)  is  indirectly  attached  to 
the  respective  base  portions  of  arms  2',  2'  of  the 
rotor  through  a  pair  of  support  legs  8,  8. 

Double  filter  device-securing  means  5  (5A  and 
5B,  5B)  shown  in  Figs.  3(a)  and  3(b)  comprises 

io  upper  and  lower  plates  each  for  securing  a  filter 
device  thereto.  Each  of  the  upper  and  lower  plates 
has  substantially  the  same  configuration  as  that  of 
the  quadrilateral  plate  of  the  centrifugal  apparatus 
shown  in  Figs.  2(a)  and  2(b).  The  lower  plate  is 

is  attached  to  neighboring  arms  2',  2'  of  the  rotor 
through  a  pair  of  support  legs  8,  8  (which  is  men- 
tioned  below)  in  a  bridging  manner. 

In  the  lower  plate,  one  side  (remote  from  the 
rotation  shaft)  of  a  pair  of  opposite  sides,  which  are 

20  in  parallel  with  the  pivotal  axis  of  centrifuge  bucket 
3,  has  at  its  central  portion  a  protrusion.  The  pro- 
trusion  protrudes  upwardly  of  the  side  and  has  a 
top  end  portion  thereof  bent  perpendicularly  thereto 
and  inwardly  of  the  side.  The  bending  of  the  top 

25  end  portion  of  the  protrusion  is  effected  so  as  to 
allow  a  couple  of  filter  devices  with  the  upper  plate 
positioned  therebetween  to  be  accommodated  in  a 
preliminary  U-shaped  recess  formed  by  the  bend- 
ing.  The  upper  plate  of  the  filter  device-securing 

30  means  is  welded  to  the  inner  wall  of  the  prelimi- 
nary  U-shaped  recess-forming  protrusion  at  a  mid- 
dle  portion  thereof  in  a  manner  such  that  the  upper 
plate  is  disposed  in  parallel  with  the  lower  plate, 
thus  forming  upper  and  lower  U-shaped  recesses. 

35  That  is,  upper  U-shaped  recess  5A  sufficient  to 
fittedly  receive  one  end  of  a  flat  casing  of  first  filter 
device  b  is  formed,  and  a  lower  U-shaped  recess 
sufficient  to  fittedly  receive  one  end  of  a  flat  casing 
of  second  filter  device  b  is  also  formed. 

40  In  each  of  the  upper  and  lower  plates,  respec- 
tive  sides  of  another  pair  of  opposite  sides  have,  at 
central  portions  thereof,  protrusions  5B,  5B  protrud- 
ing  upwardly  thereof  for  inserting  filter  device  b 
therebetween  as  in  the  first  embodiment  of  the 

45  present  invention. 
As  seen  from  Fig.  3(b),  both  upper  and  lower 

plates  have  substantially  the  same  configuration, 
except  that  the  lower  plate  has,  on  a  side  opposite 
to  the  lower  U-shaped  recess-having  side,  an  ex- 

50  tension  integrally  formed  therewith  and  extending 
therefrom.  The  extension  has  lugs  projecting  from 
both  sides  as  seen  from  Fig.  3(a).  That  is,  the  lower 
plate  has  a 

55 
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shape  on  a  whole,  differing  from  the  upper  plate 
has  a  completely  quadrilateral  shape.  Support  legs 
8,  8  are  fixed  to  both  lugs  and  extend  downwardly 
of  the  lugs,  and  each  of  support  legs  8,  8  has  a 
foot  used  for  securely  attaching  support  leg  8  to  a 
base  portion  of  arm  2'  by  means  of  a  screw  or  the 
like.  Thus,  the  double  filter  device-securing  means 
is  attached  to  the  base  portions  of  arms  2',  2'  in  a 
bridging  manner. 

In  the  second  embodiment  shown  in  Figs.  3(a) 
and  3(b),  centrifuge  bucket  3  has  a  structure  such 
that  it  can  accommodate  two  multiple  blood  bag 
units  therein. 

Secure  engagement  of  the  couple  of  filter  de- 
vices  b,  b  with  the  double  filter  device-securing 
means  can  be  performed  in  the  same  manner  as  in 
the  first  embodiment. 

Fig.  4  illustrates  a  third  embodiment  of  the 
present  invention.  That  is,  Fig.  4  is  a  partly  cut- 
away  diagrammatic  perspective  view  of  still  another 
form  of  the  centrifugal  apparatus,  showing  main 
portions  thereof,  which  can  be  used  in  the  method 
of  the  present  invention.  A  plurality  of  blood  bags  a 
of  a  multiple  blood  bag  unit  are  inserted  in  cen- 
trifuge  bucket  3  pivotally  held  between  neighboring 
arms  2',  2'  of  the  rotor,  while  leukocyte-removing 
filter  device  b  is  placed  outside  of  centrifuge  buck- 
et  3  and  directly  secured  to  the  rotor  by  means  of 
adhesive  tape  5. 

As  can  be  easily  understood  from  the  above,  in 
the  third  embodiment  of  the  present  invention,  the 
centrifugal  apparatus  itself  has  not  any  specific 
filter  device-securing  means  originally  attached 
thereto,  and  a  separate  appropriate  filter  device- 
securing  means  is  used. 

This  embodiment  is  advantageous  in  that  any 
types  of  conventional  centrifugal  apparatuses  can 
be  used,  and  a  filter  device  can  be  very  readily 
secured  irrespective  of  the  shape  thereof.  Further, 
an  adhesive  tape  is  cheap  and  can  be  easily  ob- 
tained.  However,  in  this  third  embodiment  of  the 
present  invention,  the  location  of  filter  device  b 
should  be  carefully  selected  so  as  not  to  cause 
flexible  tubes  c  (connecting  filter  device  b  to  blood 
bags  a)  to  be  sharply  bent  at  an  acute  angle  and 
damaged  under  a  centrifugal  force  to  be  exerted 
when  the  rotor  is  rotated.  In  addition,  the  operation 
of  removing  adhesive  tape  5  is  cumbersome,  and  it 
is  likely  that,  even  after  the  centrifugation  operation 
is  completed  and  the  filter  device  is  released  from 
the  securing  to  the  rotor,  the  adhesive  portion  of 
adhesive  tape  5  remains  unremoved  on  the  surface 
of  filter  device  b  or  arm  2'.  For  the  above  reasons, 
a  rubber  belt  which  is  of  the  same  type  as  that 
shown  in  Fig.  6  (which  is  mentioned  below)  can 
also  be  advantageously  utilized  in  place  of  the 
adhesive  tape. 

When  band-type  securing  means,  for  example, 
the  above-mentioned  adhesive  tape  or  rubber  belt, 
is  used,  the  filter  device  should  be  appropriately 
secured  to  the  arm  so  as  to  prevent  the  filter 

5  device  from  being  displaced  in  a  centrifugal  direc- 
tion  under  a  centrifugal  force  to  be  exerted  during 
the  operation  of  centrifugation. 

Figs.  5(a)  and  5(b)  illustrate  a  fourth  embodi- 
ment  of  the  present  invention.  That  is,  Fig.  5(a)  is  a 

io  partly  cut-away  diagrammatic  plan  view  of  still  an- 
other  form  of  the  centrifugal  apparatus  of  the 
present  invention,  showing  main  portions  thereof, 
which  can  be  used  in  the  method  of  the  present 
invention.  A  plurality  of  blood  bags  a  of  a  multiple 

is  blood  bag  unit  are  inserted  in  centrifuge  bucket  3 
pivotally  held  between  neighboring  arms  2',  2'  of 
the  rotor,  while  leukocyte-removing  filter  device  b 
is  placed  outside  of  centrifuge  bucket  3  and  in- 
directly  secured  relative  to  the  rotor  by  means  of 

20  filter  device-securing  means  5  (5A  and  5B,  5B) 
provided  on  a  peripheral  portion  of  rotating  mem- 
ber  9  (circular  plate)  fixedly  attached  to  rotation 
shaft  1.  Fig.  5(b)  is  a  partly  cut-away  diagrammatic 
side  view  of  the  apparatus  shown  in  Fig.  5(a), 

25  which  illustrates  the  state  in  which  filter  device- 
securing  means  b  is  provided  on  circular  plate  9 
fixedly  attached  to  rotation  shaft  1  substantially  in 
parallel  with  the  rotor  on  a  side  of  an  opening  of 
the  centrifuge  bucket  3. 

30  The  same  number  of  filter  device-securing 
means  5  (5A  and  5B,  5B)  as  the  number  of  filter 
devices  b  are  provided  on  the  upper  flat  surface  of 
circular  plate  9  substantially  along  a  periphery 
thereof,  wherein  a  center  of  each  filter  device  b  is 

35  located  substantially  in  a  plane  containing  a  central 
axis  passing  through  a  bottom  of  centrifuge  bucket 
3  and  an  axis  of  rotation  shaft  1.  In  this  embodi- 
ment,  circular  plate  9  is  fixedly  attached  to  rotation 
shaft  1  at  a  location  such  that  the  filter  device  be 

40  positioned  at  the  same  level  as  the  level  of  top  of 
blood  bags  a. 

The  filter  device-securing  means  in  this  em- 
bodiment  comprises  U-shaped  recess  5A  and  a 
pair  of  opposite  protrusions  5B,  5B  provided  on 

45  circular  plate  9. 
The  above  U-shaped  recess  is  provided  as 

follows.  Circular  plate  9  has  a  protrusion  which 
protrudes  upwardly  of  a  portion  of  the  periphery  of 
circular  plate  9  in  parallel  with  the  pivotal  axis  of 

50  centrifuge  bucket  3  and  has  a  top  end  portion 
thereof  bent  perpendicularly  thereto  and  inwardly 
of  the  periphery  of  circular  plate  9  as  depicted  in 
Fig.  5(a),  so  that  a  U-shaped  recess  sufficient  to 
fittedly  receive  one  end  of  a  flat  casing  of  filter 

55  device  b  is  formed.  Each  of  opposite  protrusions 
5B,  5B  comprises  a  protrusion  which  protrudes 
upwardly  and  vertically  of  the  upper  flat  surface  of 
circular  plate  9,  wherein  each  of  opposite  protru- 
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sion  5B,  5B  extends  perpendicularly  to  the  direc- 
tion  of  extension  of  U-shaped  recess  5A. 

In  securing  the  filter  device,  the  flat  filter  device 
b  is  inserted  between  opposite  protrusions  5B,  5B, 
and  the  forward  end  of  the  filter  device  b  is  fittedly 
received  by  U-shaped  recess  5A.  U-shaped  recess 
5A  serves  to  securely  hold  filter  device  b  against 
centrifugal  force,  and  opposite  protrusions  5B,  5B 
serve  to  prevent  filter  device  b  from  lateral  dis- 
placement.  Thus,  secure  engagement  of  the  filter 
device  with  the  filter  device-securing  means  is  es- 
tablished. 

The  above-mentioned  opposite  protrusions  5B, 
5B  can  be  constructed  to  have  a  slide  mechanism 
so  that  the  distance  between  opposite  protrusions 
5B,  5B  is  variable.  With  such  a  construction,  filter 
devices  of  various  sizes  can  be  secured  to  circular 
plate  9  between  opposite  protrusions  5B,  5B. 

This  fourth  embodiment  is  advantageous  in  that 
the  centrifugal  apparatus  of  this  embodiment  can 
be  prepared  simply  by  additionally  attaching  a  ro- 
tating  member  to  the  rotation  shaft  of  a  conven- 
tional  apparatus,  and  the  upper  surface  of  the  rotor 
can  be  free  from  any  projections,  so  that  the  oper- 
ations,  such  as  attaching  of  a  centrifuge  bucket  to 
the  rotor  of  the  apparatus,  can  be  readily  per- 
formed. 

In  the  embodiment  shown  in  Figs.  5(a)  and  5- 
(b),  the  rotating  member  has  a  disk-type  configura- 
tion.  However,  there  is  particularly  no  limitation  with 
respect  to  the  shape  of  a  rotating  member  insofar 
as  the  filter  device  can  be  stably  secured  thereto 
and  a  weight  balance  is  maintained  during  rotation 
of  the  rotation  shaft  1  . 

Fig.  6  illustrates  a  fifth  embodiment  of  the 
present  invention.  That  is,  Fig.  6  is  a  partly  cut- 
away  diagrammatic  perspective  view  of  a  further 
form  of  the  centrifugal  apparatus  of  the  present 
invention,  showing  main  portions  thereof,  which  can 
be  used  in  the  method  of  the  present  invention.  A 
plurality  of  blood  bags  a  of  a  multiple  blood  bag 
unit  are  inserted  in  centrifuge  bucket  3  pivotally 
held  between  neighboring  arms  2',  2'  of  the  rotor, 
while  leukocyte-removing  filter  device  b  is  placed 
outside  of  centrifuge  bucket  3  and  indirectly  se- 
cured  relative  to  the  rotor  by  means  of  filter  device- 
securing  means  5  (5C,  5D)  provided  on  a  plurality 
of  segments  5E  radially  extending  from  disk  10 
fixedly  attached  to  rotation  shaft  1  . 

Disk  10  has,  at  lower  flat  surface  thereof, 
grooves  to  engagingly  receive  end  portions  of  seg- 
ments  5E  therein,  wherein  each  of  segments  5E  is 
fixed  to  disk  10  by  means  of,  for  example,  as 
adhesive  or  the  like.  Disk  10  is  securely  attached  to 
rotation  shaft  1  by  means  of  upper  and  lower 
reinforcing  members  1'  and  1'  through  thread-en- 
gagement  techniques  ordinarily  used  in  the  art. 

Each  of  segments  5E  has  at  its  end  portion  an 
engaging  portion,  wherein  clip  5C  serves  to  resil- 
iency,  securely  hold  the  forward  end  of  the  casing 
of  leukocyte-removing  filter  device  b.  Clip  5C  has  a 

5  hook  on  the  upper  surface  thereof,  which  serves  to 
secure  rubber  belt  5D  in  a  state  in  which  rubber 
belt  5D  is  wound  around  filter  device  b,  as  depicted 
in  Fig.  6. 

As  still  a  further  embodiment  of  the  centrifugal 
io  apparatus  of  the  present  invention,  there  can  be 

mentioned  a  centrifugal  apparatus  in  which  an  elon- 
gated  recess  is  formed  in  an  upper  portion  of  the 
arm  to  accommodate  and  securely  hold  a  filter 
device  therein  (not  shown).  In  this  embodiment,  in 

is  order  to  secure  the  filter  device  more  firmly,  an 
appropriate  type  of  securing  means  can  be  applied, 
such  as  the  above-mentioned  adhesive  tape  and 
band-type  securing  means.  With  respect  to  the 
configuration  of  the  elongated  recess,  there  can  be 

20  mentioned  an  example  in  which  a  recess  is  formed 
in  the  arm  so  that  the  recess  extends  perpendicu- 
larly  to  a  longitudinal  axis  of  the  arm  and  so  that 
the  filter  devise  is  inserted  in  the  recess  so  as  to 
extend  downwardly,  longitudinally  along  the  depth 

25  of  the  recess.  In  this  example,  the  centrifugal  force 
applied  to  different  portions  of  the  filter  device  can 
be  rendered  uniform.  However,  this  example  has  a 
disadvantage  in  that  the  arm  has  limited  durability. 
Therefore,  alternatively,  there  can  be  mentioned 

30  another  example  in  which  a  recess  is  formed  so 
that  the  recess  extends  along  a  longitudinal  axis  of 
the  arm  and  so  that  the  filter  device  is  inserted  so 
as  to  lay  itself  along  the  length  of  the  arm.  This 
example  is  advantageous  not  only  in  that  the  arm 

35  can  be  durable,  but  also  in  that  this  technique  is 
advantageously  applicable  when  the  filter  device  is 
relatively  small  in  size  and  has  a  flat  configuration. 

In  operation  of  the  centrifugal  apparatus  of  the 
present  invention,  a  plurality  of  multiple  blood  bag 

40  units  each  including  a  plurality  of  blood  bags  (at 
least  one  of  which  contains  a  blood  material)  con- 
nected  to  at  least  one  leukocyte-removing  filter 
device  are  provided,  and  at  least  the  blood  ma- 
terial-containing  blood  bag  or  bags  of  each  multiple 

45  blood  bag  unit  is  inserted  in  each  of  a  plurality  of 
centrifuge  buckets  securely  attached  to  the  rotor, 
while  placing  at  least  the  leukocyte-removing  filter 
device  outside  of  the  centrifuge  buckets  and  secur- 
ing  the  filter  device  relative  to  the  rotor.  In  this 

50  instance,  a  care  must  be  paid  with  respect  to  the 
arrangement  of  the  multiple  blood  bag  units  in  the 
apparatus  so  that  a  weight  balance  of  the  whole 
apparatus  loaded  with  the  multiple  blood  bag  units 
can  be  maintained  during  rotation  of  the  rotor. 

55  Next,  a  drive  motor  connected  to  the  rotation  shaft 
of  the  rotor  of  the  apparatus  is  actuated  to  rotate 
the  rotor  and  perform  separation  of  the  blood  ma- 
terials  in  the  blood  bags  into  blood  components  by 
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centrifugation.  Operation  conditions  including  a  ro- 
tation  time  and  a  rotation  rate  are  appropriately 
selected  from  those  ordinarily  employed  for  sepa- 
rating  a  blood  material  into  blood  components. 
Generally,  the  centrifugation  is  carried  out  under  5 
about  1,000  to  about  4,000  G  for  about  10  to  about 
15  minutes. 

Upon  completion  of  the  separation  of  blood 
materials  into  blood  components,  the  leukocyte- 
removing  filter  device  securely  attached  to  the  rotor  10 
through  the  filter  device-securing  means  is  re- 
leased,  and  then,  the  blood  bags  are  taken  out 
gently  from  the  centrifuge  buckets. 

In  the  centrifugal  separation  by  the  method  and 
apparatus  of  the  present  invention,  a  centrifugal  is 
force  exerted  on  the  leukocyte-removing  filter  de- 
vice  during  the  operation  of  centrifugation  is  still 
considerably  large.  Accordingly,  when  an  area  of 
contact  between  the  leukocyte-removing  filter  de- 
vice  and  a  portion  of  the  filter  device-securing  20 
means  which  engages  the  filter  device  is  small,  the 
filter  device  tends  to  suffer  an  extremely  large 
pressure  at  a  portion  thereof  which  contacts  the 
engaging  portion  of  the  filter  device-securing 
means,  leading  to  a  damaging  or  breakage  of  the  25 
filter  device.  Therefore,  it  is  preferred  to  protect  the 
filter  device  at  a  portion  thereof  which  contacts  the 
engaging  means  of  the  filter  device-securing 
means.  For  the  purpose  of  protecting  the 
leukocyte-removing  filter  device,  there  can  be  em-  30 
ployed,  for  example,  a  method  in  which  the  filter 
device  is  wrapped  with  a  cushioning  material,  such 
as  a  non-woven  fabric  or  a  sponge  and  then,  is 
brought  into  engagement  with  the  engaging  portion 
of  the  filter  device-securing  means;  or  a  method  in  35 
which  the  engaging  portion  of  the  filter  device- 
securing  means  is  preliminarily  provided  with  a 
cushioning  member,  such  as  a  member  made  of  a 
polyurethane  or  rubber  material,  at  a  face  thereof 
which  will  contact  the  filter  device  and  then,  is  used  40 
for  engaging  the  filter  device  at  the  face  having  the 
cushioning  member.  In  this  manner,  it  becomes 
possible  that  the  filter  device  is  indirectly  contacted 
with  the  filter  device-securing  means  at  areas 
thereof  as  large  and  as  many  as  possible,  thus  45 
enabling  the  filter  device  to  be  subjected  to  cen- 
trifugation  under  safety  conditions. 

The  above  description  of  the  method  and  ap- 
paratus  of  the  present  invention  is  directed  mainly 
to  the  embodiments  using  a  multiple  blood  bag  unit  so 
containing  a  flat  leukocyte-removing  filter  device. 
However,  the  above  description  is  not  construed  as 
limiting  the  present  invention,  and  it  will  be  easily 
understood  to  those  skilled  in  the  art  that  the 
present  invention  may  also  be  practiced  with  re-  55 
spect  to  leukocyte-removing  filter  devices  of  other 
shapes,  such  as  a  cylindrical  shape,  etc. 

Claims 

1.  A  method  for  separating  a  blood  material  into 
blood  components  by  centrifugation,  compris- 
ing  the  steps  of: 

(1)  providing  at  least  two  multiple  blood  bag 
units  each  including  a  plurality  of  flexible 
blood  bags  liquid-tightly  connected  to  at 
least  one  leukocyte-removing  filter  device 
through  flexible  tubes  in  a  predetermined 
order,  at  least  one  of  said  flexible  blood 
bags  containing  a  blood  material,  and 

providing  a  centrifugal  apparatus  includ- 
ing  a  rotation  shaft  connected  to  a  drive 
motor,  a  rotor  fixedly  connected  at  a  central 
portion  thereof  to  said  rotation  shaft  and 
rotatable  in  accordance  with  rotation  of  said 
rotation  shaft,  said  rotor  including  a  central 
body  portion  and  at  least  two  centrifuge 
bucket-holding  extensions  radially  extending 
from  said  central  body  portion,  and  at  least 
two  centrifuge  buckets  each  swingably  at- 
tached  to  said  centrifuge  bucket-holding  ex- 
tensions  of  the  rotor,  wherein  said  centri- 
fuge  bucket  is  adapted  to  be  turned  and 
oriented  substantially  in  a  direction  of  a 
centrifugal  force  exerted  when  said  rotor  is 
rotated; 
(2)  inserting  at  least  said  blood  material- 
containing  flexible  blood  bag  of  said  plural- 
ity  of  flexible  blood  bags  of  each  multiple 
blood  bag  unit  in  each  centrifuge  bucket 
while  placing  at  least  said  leukocyte-remov- 
ing  filter  device  outside  of  said  centrifuge 
bucket,  wherein  said  filter  device  is  directly 
or  indirectly  secured  relative  to  said  rotor, 
and  wherein  a  center  of  each  filter  device  is 
located  at  a  distance  from  an  axis  of  said 
rotation  shaft  which  is  smaller  than  a  dis- 
tance  between  a  pivotal  axis  of  the  turning 
of  said  centrifuge  bucket  and  an  axis  of  said 
rotation  shaft  at  a  portion  thereof  which  has 
said  rotor  connected  thereto;  and 
(3)  actuating  said  drive  motor  to  rotate  said 
rotation  shaft  and  said  rotor  and  perform 
separation  of  said  blood  material  in  said 
blood  bag  into  blood  components  by  cen- 
trifugation. 

2.  The  method  according  to  claim  1  ,  wherein  said 
at  least  two  centrifuge  bucket-holding  exten- 
sions  include  arms  which  are  substantially 
equal  in  length  and  radially  extend  from  said 
central  body  portion  of  the  rotor,  and  wherein 
each  centrifuge  bucket  is  swingably  attached 
to  said  arms. 
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3.  The  method  according  to  claim  1  ,  wherein  said 
at  least  two  centrifuge  bucket-holding  exten- 
sions  include  at  least  three  arms,  and  wherein 
each  centrifuge  bucket  is  individually,  pivotally 
held  between  neighboring  arms. 

4.  The  method  according  to  any  one  of  claims  1 
to  3,  wherein  each  filter  device  is  directly  se- 
cured  to  said  rotor,  and  wherein  a  center  of 
each  filter  device  is  located  substantially  in  a 
plane  containing  a  central  axis  passing  through 
a  bottom  of  said  centrifuge  bucket  and  an  axis 
of  said  rotation  shaft. 

5.  The  method  according  to  any  one  of  claims  1 
to  3,  wherein  each  filter  device  is  indirectly 
secured  to  said  rotor  through  a  support  pro- 
vided  on  said  rotor,  and  wherein  a  center  of 
each  filter  device  is  located  substantially  in  a 
plane  containing  a  central  axis  passing  through 
a  bottom  of  said  centrifuge  bucket  and  an  axis 
of  said  rotation  shaft. 

6.  The  method  according  to  any  one  of  claims  1 
to  3,  wherein  each  filter  device  is  indirectly 
secured  relative  to  said  rotor,  wherein  said 
filter  device  is  secured  to  a  rotating  member 
fixedly  attached  to  said  rotation  shaft  substan- 
tially  in  parallel  with  said  rotor  on  a  side  of  an 
opening  of  each  centrifuge  bucket  in  a  station- 
ary  state  of  said  rotation  shaft  and  rotatable 
along  with  said  rotor,  and  wherein  a  center  of 
each  filter  device  is  located  substantially  in  a 
plane  containing  a  central  axis  passing  through 
a  bottom  of  said  centrifuge  bucket  and  an  axis 
of  said  rotation  shaft. 

7.  The  method  according  to  claim  6,  wherein  said 
rotating  member  has  at  least  two  segments 
radially  extending  therefrom  and  each  having 
filter  device-securing  means. 

9.  The  method  according  to  any  one  of  claims  1 
to  8,  wherein  said  blood  material  is  a 
leukocyte-containing  blood  material. 

10.  A  centrifugal  apparatus  for  centrifuging  a  blood 
material  collected  in  a  multiple  blood  bag  unit 
to  thereby  separate  said  blood  material  into 
blood  components,  comprising: 

a  rotation  shaft  to  be  connected  to  a  drive 

motor; 
a  rotor  fixedly  connected  at  a  central  por- 

tion  thereof  to  said  rotation  shaft  and  rotatable 
in  accordance  with  rotation  of  said  rotation 

5  shaft,  said  rotor  comprising  a  central  body 
portion  and  at  least  two  centrifuge  bucket-hold- 
ing  extensions  radially  extending  from  said 
central  body  portion; 

at  least  two  centrifuge  buckets  each  for 
io  accommodating  therein  at  least  one  flexible 

blood  bag  of  a  multiple  blood  bag  unit  includ- 
ing  a  plurality  of  flexible  blood  bags  liquid- 
tightly  connected  to  at  least  one  leukocyte- 
removing  filter  device  through  flexible  tubes  in 

is  a  predetermined  order,  at  least  said  filter  de- 
vice  being  adapted  to  be  placed  outside  of 
said  centrifuge  bucket,  each  centrifuge  bucket 
being  swingably  attached  to  said  centrifuge 
bucket-holding  extensions  of  the  rotor,  wherein 

20  said  centrifuge  bucket  is  adapted  to  be  turned 
and  oriented  substantially  in  a  direction  of  a 
centrifugal  force  exerted  when  said  rotor  is 
rotated;  and 

at  least  two  filter  device-securing  means 
25  each  for  individually  securing  said  filter  device 

of  each  multiple  blood  bag  unit  directly  or 
indirectly  to  said  rotor,  a  center  of  each  filter 
device-securing  means  being  located  at  a  dis- 
tance  from  an  axis  of  said  rotation  shaft  which 

30  is  smaller  than  a  distance  between  a  pivotal 
axis  of  the  turning  of  said  centrifuge  bucket 
and  an  axis  of  said  rotation  shaft  at  a  portion 
thereof  which  has  said  rotor  connected  thereto. 

35  11.  The  centrifugal  apparatus  according  to  claim 
10,  wherein  said  at  least  two  centrifuge  bucket- 
holding  extensions  include  arms  which  are 
substantially  equal  in  length  and  radially  ex- 
tend  from  said  central  body  portion  of  the 

40  rotor,  and  wherein  each  centrifuge  bucket  is 
swingably  attached  to  said  arms. 

12.  The  centrifugal  apparatus  according  to  claim 
11,  wherein  each  arm  has  a  forked  free  end 

45  portion  including  a  couple  of  fingers,  wherein 
said  centrifuge  buckets  are  pivotally  held  be- 
tween  said  fingers. 

13.  The  centrifugal  apparatus  according  to  claim 
50  10,  wherein  said  at  least  two  centrifuge  bucket- 

holding  extensions  include  at  least  three  arms, 
and  wherein  each  centrifuge  bucket  is  individ- 
ually,  pivotally  held  between  neighboring  arms. 

55  14.  The  centrifugal  apparatus  according  to  any  one 
of  claims  10  to  13,  wherein  each  filter  device- 
securing  means  is  directly  provided  on  said 
rotor,  and  wherein  a  center  of  each  filter  de- 

8.  The  method  according  to  claim  6,  wherein  said  12. 
rotating  member  includes  a  plate  having  at 
least  two  filter  device-securing  means,  and  45 
wherein  said  at  least  two  filter  device-securing 
means  are  arranged  substantially  along  a  pe- 
ripheral  portion  thereof. 

14 
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vice-securing  means  is  located  substantially  in 
a  plane  containing  a  central  axis  passing 
through  a  bottom  of  said  centrifuge  bucket  and 
an  axis  of  said  rotation  shaft. 

5 
15.  The  centrifugal  apparatus  according  to  any  one 

of  claims  10  to  13,  wherein  each  filter  device- 
securing  means  is  indirectly  provided  on  said 
rotor  through  a  support  provided  on  said  rotor, 
and  wherein  a  center  of  each  filter  device-  10 
securing  means  is  located  substantially  in  a 
plane  containing  a  central  axis  passing  through 
a  bottom  of  said  centrifuge  bucket  and  an  axis 
of  said  rotation  shaft. 

75 
16.  The  centrifugal  apparatus  according  to  any  one 

of  claims  10  to  13,  wherein  each  filter  device- 
securing  means  is  provided  on  a  rotating 
member  fixedly  attached  to  said  rotation  shaft 
substantially  in  parallel  with  said  rotor  on  a  20 
side  of  an  opening  of  each  centrifuge  bucket  in 
a  stationary  state  of  said  rotation  shaft  and 
rotatable  along  with  said  rotor,  and  wherein  a 
center  of  each  filter  device-securing  means  is 
located  substantially  in  a  plane  containing  a  25 
central  axis  passing  through  a  bottom  of  said 
centrifuge  bucket  and  an  axis  of  said  rotation 
shaft. 

17.  The  centrifugal  apparatus  according  to  claim  30 
16,  wherein  said  rotating  member  has  at  least 
two  segments  radially  extending  therefrom, 
and  wherein  each  segment  has  said  filter  de- 
vice-securing  means. 

35 
18.  The  centrifugal  apparatus  according  to  claim 

16,  wherein  said  rotating  member  includes  a 
plate,  and  wherein  said  at  least  two  filter  de- 
vice-securing  means  are  arranged  substantially 
along  a  peripheral  portion  thereof.  40 

45 

50 
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